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Algorithm 1 Periodical Pattern Mining(S, T, R, 0+x, Oi0w)
1: S" <« convert(S, R, T)
2: fori=0to Lp/T do
Ci=¢
C <« C;

3

4

5: end for

6: for all s" € S” do
7 for i =0to Lp/T do

8 if the timestamps of s” € [i- T, (¢ +1)-T — 1] then
9

C; «+— C;Us™
10: break
11: end if
12: end for

13: end for
14: for all s" € S do
15: if bottomup then

16: STVl € s”

17: P « bottomup(s”, S™, C, 0, 01ow)
18: else topdown

19: ST s

20: P + topdown(s", S™', C,0n,010w)
21: end if

22: end for

Algorithm 2 topdown(s", S™, C, 04, O10w)
1: P+ ¢

2: for all s’ € S™ do

3: if search(s"’, C, 01,010, ) then

4: return s”’

5: else

6: if |s7/| is 1 then

7 return

s: end if

9: ST {s"" —lo, 8" — ||}

10: P « PU {topdown(s", S™, C)}
11: end if

12: end for

13: return P
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Algorithm 3 bottomup(s”, S™’, C, 0, O1ow)

1: P+ (]5
2: for all s/ € S do

3: if search(s"’, C, 01,010, ) then
4: P+ PUs"™

5: end if

6: end for

7. if P % ¢ then

8: if P includes s" then

9: return P
10: end if
11: ST/ <« join any pairs of periodical patterns
12: P «+ PU {bottomup(s”,S™,C)}
13: end if

14: return P

Algorithm 4 search(s"’, C, 0;1, 010w)

1: V < valid_set(s™, C, 0sp, O10w)
2: count =0
for all C; € V do
m = |{s""|s"" € s" € C;}|
if m = 0;,,, then
count = count + 1
end if
end for
if count 2 |C| - 6, then
10: return true

11: end if

© ® 3> Qo w

12: return false

Algorithm 5 valid_set(s"’, C, 04, O10w)

1: Vo

2: for C; do
3 if C; include all regions that s™’ include then
4 V+Vucg;

5 end if

6: end for

7: if |V| 2 |C| - 0y, then

8: return V

9: end if

10: return ¢

5. ZOF—X&w MIIZ20084F2H2H»5 8 HETILH
HNZETLURZ 10,357 BDR IV —DT—XDBEEFNTHD,
ROy —DHHF, HWEREL ZALAR Y Th oI5,
EBRTREIOT—X%Z1H%Z 100 £ L72RA LAR Y TIZH
BTV T U0 FEHT S, AL B gD
By RR—Z &2, EEBREZE L TEE S =R %K
S, BEAFAZENEN gn, g BIZEFEMBETHET 5.
SRR 28 LT, R WEEIET 74V b DS
A—=REUT, T =100, i, = 0.5, thetaiow = 1, gn = 3000,
gv = 3000 2T 5. £/, 2 DDREFILEEZMAEDLET
BEFEIZOWTHRANT 5.

5.1 %h £ %

Y, BREFELIR—A T 1 v & BB U ms iz JH I 728
R—VERETELZLERT. MT7TIET—XtEYy h&b 1000
AROBEIZERL, MIENRE UTAN L EOEFIE
W2 BETRBOLRTH S, TNIZEDR=AT 1 VIR,
BRETFRIIBLE P SBHEERICAZ—VERBLTVWS Z
DA AT

B SR — DEREOENTHER—AF1 VR A
Ty TERHETS., RMLT Y TOHNRR=AF 1 VIZHART
BRI Z =V 2RETETWS., 20k, ETEVELS
B2 AR Z N AA RN R — 2 TP o7 & & DfEmN
R—=2 OREN O DR TONIZE EX D, RITT—RHAE
HRIFDBENTH B, R—RA T > &N D Tk L 2 g
T35, EAREPBALTHDE I nS, MRIICHERTARE
ELAERBRINRTETCVWDI EZOND. RBICIRETIER G %M
AEDLEEEATFIEIIOVWTIRR S, FEFRE»S, T
EMRNPIMHETATVD L EZDN, R—A T V%M
BIREX D FIEE DEIFERNLT v T DEIZN. ZOER
& U RN O FEOREMAZE TS NG, BEL -ZEMN
KoM 0 FykiL, Bl S X — 2 AR D HUsIB I DWW TREOM b
S FETHD, BB SR —akkc iR E: & A TOY
5L ENEIIHEREOESITRTRMMVHL <25, B IXM%
AR =D r = ({wi, 1}, {ws, 1}, {ws, 3}, {ws,4}) & L7z
L&, PREDES C 1T wi, wa, ws, wys BTOHULEEA
TWBRENRDH D, BEHNSR—2% ro = {wr, 1}, {ws, 1}) &
U7z SR, BRI TRMIIR LS RS, /2, K
N7y TR E SBERMANZ =V EHIRTE TN 20D, %
DFIEDMER U 72 @8 R — 3B THAM ) 2 hTnwd
eEZOND. £oT, RELT v ALK Y 2083
LEHNMERI N — VR E LITEREERN D T2 Z & A HK
M%< b, X o TROWEMTEBIA] D 23 A5 R,
Fy TR TN =V R ERT 5 E LD RELS RS
EEZONDE. FOEO Y T U IZEBIEN D 21757
FEDRIRD Do T-DIEA 5.

W2, ANT—BZDOREI2ZIERLE, KFEDOFET
BT 2. M8 IIANT—X SIZ&EENIBEHEHD
A% 1000 75 10000 ¥ TRLT B2 HEOFEITRETH 5.
R=AFTAVTRANT = EPREL 2D L, ETRRAKIE
WML TWB Z e d. BREFETIERN-—ZAT 1 VIZ
HEARFEFREREAIZMNZ SNTWBEH, AST—X OBk
WETRHPAR E SWINT 22 H 5. REFIEIEIR—-RF

IZHR, ETRM 2 BRSO T2 L IEFEEED, KVE
KT — 2z UCHEEEATE LWL D 5.

FEHEBLT, REGETHDDIIEETIETHS. ik
RELT Y TTHEMNR =V E2ERL, TOBOEEREIZSE
R D 24756 DTH B, Lo T, HEHOFEDEVDHA
THBERN—ZATA v EZZHIEN D FELOMDELRL LS
BERH>TEIWETTHSE. LU, TOXEITEBEFLEIZIN
Fo TV, EBERNS, KMAT v FIHERH X — 2 DK

, ZEIEN] 0 IR T 2 EADBERS TN TE L



60

50 | R

30 - R

BfE (1)

20 R

10 - R

[ 1

ZEfE AR

0

K=Y NNV BwEFE

X 7 BEIELBF 1000 A% AT Uiz & & DFEFTHRERH]

8000 T T T T |
K=Y —+—
7000 .
RELTPYT —<—
6000 - ZepgpysEnn —H— ]
é 5000 BEFE ——
m}; 4000 +
m=
#E 3000 -
2000
1000 + i
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

BRI DL

8 BB OB ELIM S Bk & T DETIRE

5.
6. ¥ & &

[

ARTIERA TV 27 M SERIN-BEEIo &N
BRR— U ERFICER L. S5O AR — %
M2 2HME L, EHNRGERECUMEE2EZ 572
DRNLT v T LN D D 2 DOFHEEREL 2. i
EBRTER—ATA Ve UFE LR L, REFEIFHRN
i1 7 W1 USSR I 228 2 — A RIMATRE T H 2 Z L %
RUTz.

SHBOWRE UT=2>0#EICI L. £, #AEEOH
WA A TR WD, KEERT—Xty MO#EIET 52 L
NELEL. 2070, HAEEE AW Z L WH 0BG
BREEAWEX SRAMEMAVBETH S, Wi, HDs
HHFFEIZDOWT R RERNTE TR, KR TIXEERER
EROBIZT ) v RR—ZATHIEIZ 508 U CThALiE B iR % & - 72
N, ZOMDOHEEEFNSEZ2ITXD, HiicARHR SR —
VHBRITE B RN B B, T D7z O MR TALE G & B
SHBEIZOWT, k0 EETZRENH D, Fkiz, HHTS
T—RDMEREZZLZBELND L. HIZIX, #EE2BE#T 5K
Uy — L BOBMNTRBEIEAN S BES. Z0RD, T—
ROWEEZB U THEZEETHREND .

&t &3

ATFRIIR 2SS (JP16HO1722) OXEBIZ L > TibN
7. ZZI@MLUCHEEERT.

(1

2]

(3]

4]

(5]

(6]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

[16]

X [
Dongzhi Zhang, Kyungmi Lee, and Ickjai Lee. Periodic
pattern mining for spatio-temporal trajectories: a survey.
In Proceedings of Intelligent Systems and Knowledge Engi-
neering (ISKE), pp. 306-313, 2015.
Xijaopeng Chen, Dianxi Shi, Banghui Zhao, and Fan Liu.
Periodic pattern mining based on gps trajectories. In Pro-
ceedings of International Symposium on Advances in Elec-
trical, Electronics and Computer Engineering, pp. 181-187,
2016.
Anna Monreale, Fabio Pinelli, Roberto Trasarti, and Fosca
Giannotti. Wherenext: a location predictor on trajectory
pattern mining. In Proceedings of ACM SIGKDD, pp. 637—
646, 2009.
Lei Zhang, Zimu Hu, and Guang Yang. Trajectory outlier
detection based on multi-factors. IEICE Transactions on
Information and Systems, Vol. 97, No. 8, pp. 21702173,
2014.
Prithu Banerjee, Pranali Yawalkar,
Mantra: a scalable approach to mining temporally anoma-
lous sub-trajectories. In Proceedings of ACM SIGKDD, pp.
1415-1424, 2016.
Yanwei Yu, Lei Cao, Elke A Rundensteiner, and Qin Wang.
Detecting moving object outliers in massive-scale trajectory
In Proceedings of ACM SIGKDD, pp. 422-431,

and Sayan Ranu.

streams.
2014.
Yin Zhu, Yu Zheng, Liuhang Zhang, Darshan Santani, Xing
Xie, and Qiang Yang. Inferring taxi status using gps tra-
jectories. arXiv preprint arXiv:1205.4378, 2012.

Timothy Sohn, Alex Varshavsky, Anthony LaMarca,
Mike Y Chen, Tanzeem Choudhury, Ian Smith, Sunny Con-
solvo, Jeffrey Hightower, William G Griswold, and Eyal
De Lara. Mobility detection using everyday gsm traces.
In Proceedigns of International Conference on Ubiquitous
Computing, pp. 212-224, 2006.

Yu Zheng. Trajectory data mining: an overview. ACM
Transactions on Intelligent Systems and Technology, Vol. 6,
No. 3, p. 29, 2015.

Huiping Cao, Nikos Mamoulis, and David W Cheung. Dis-
covery of periodic patterns in spatiotemporal sequences.
IEEE Transactions on Knowledge and Data Engineering,
Vol. 19, No. 4, pp. 453-467, 2007.

Nikos Mamoulis, Huiping Cao, George Kollios, Marios Had-
jieleftheriou, Yufei Tao, and David W Cheung. Mining,
indexing, and querying historical spatiotemporal data. In
Proceedings of ACM SIGKDD, pp. 236—245, 2004.
Zhenhui Li, Jiawei Han, Ming Ji, Lu-An Tang, Yintao Yu,
Bolin Ding, Jae-Gil Lee, and Roland Kays. Movemine: Min-
ing moving object data for discovery of animal movement
patterns. ACM Transactions on Intelligent Systems and
Technology, Vol. 2, No. 4, p. 37, 2011.

Zhenhui Li, Jiawei Han, Bolin Ding, and Roland Kays. Min-
ing periodic behaviors of object movements for animal and
biological sustainability studies. Data Mining and Knowl-
edge Discovery, Vol. 24, No. 2, pp. 355-386, 2012.

Martin Ester, Hans-Peter Kriegel, Jorg Sander, Xiaowei Xu,
et al. A density-based algorithm for discovering clusters in
large spatial databases with noise. In Proceedings of ACM
SIGKDD, Vol. 96, pp. 226-231, 1996.

Jing Yuan, Yu Zheng, Chengyang Zhang, Wenlei Xie, Xing
Xie, Guangzhong Sun, and Yan Huang. T-drive:
ing directions based on taxi trajectories. In Proceedings
of SIGSPATIAL, pp. 99-108, 2010.

Jing Yuan, Yu Zheng, Xing Xie, and Guangzhong Sun.
Driving with knowledge from the physical world. In Pro-
ceedings of ACM SIGKDD, pp. 316-324, 2011.

driv-



